Aims. We investigate the spectral characteristics of 51 candidate High Frequency Peakers (HFPs), from the "bright" HFP sample, in order to determine the nature of each object, and to obtain a smaller sample of genuine young radio sources. Methods. Simultaneous multi-frequency VLA observations carried out at various epochs have been used to detect flux density and spectral shape variability in order to pinpoint contaminant objects, since young radio sources are not expected to be significantly variable on such a short time-scale. Results. From the analysis of the spectral variability we find 13 contaminant objects, 11 quasars, 1 BL Lac, and 1 unidentified object, which we have rejected from the sample of candidate young radio sources. The ∼6 years elapsed between the first and latest observing run are not enough to detect any substantial evolution of the overall spectrum of genuine, non variable, young radio sources. If we also consider the pc-scale information, we find that the total radio spectrum we observe is the result of the superposition of the spectra of different regions (lobes, hot-spots, core, jets), instead of a single homogeneous radio component. This indicates that the radio source structure plays a relevant role in determining the spectral shape also in the rather common case in which the morphology appears unresolved even on high-resolution scales.
Introduction
The origin and evolution of radio emission is one of the greatest challenges in the study of Active Galactic Nuclei. The onset of radio activity is often thought to be linked to merger or accretion events in the host galaxy, which provide enough fuel to feed the central AGN. As a consequence, at least in its early stages, the radio emission evolves in a quite dense and possibly inhomogeneous ambient medium which can influence its growth. The ideal targets to understand such phenomena are the young radio sources, whose radio lobes still reside within the innermost region of the host galaxy. Among them, the smallest (i.e. youngest) objects are the most suitable to investigate the role played by the host galaxy Interstellar Medium (ISM) on the evolution/growth of the radio source. The evolutionary stage of the powerful radio sources is related to their linear sizes. Following self-similar evolution models, the most compact sources will evolve into the extended radio source population (Fanti et al. Send offprint requests to: M. Orienti 1995; Readhead et al. 1996; Snellen et al. 2000) . However, it has also been claimed (Alexander 2000; Marecki et al. 2003 ) that a fraction of young and compact radio sources may die in an early stage before becoming large scale objects. The early stages in the evolution scheme (typical ages < 10 4 years, Polatidis & Conway 2003; Murgia 2003) are represented by the population of Compact Symmetric Objects (CSOs). They are a scaled-down version of the large, powerful radio sources (core-jets-lobes; Wilkinson et al. 1994) , with a well defined peak in their radio spectrum at frequencies between ∼ 100 MHz to a few GHz. In this framework, the anti-correlation found between the intrinsic peak frequency and the source size (O'Dea & Baum 1997) implies that the youngest sources must be sought among those with spectral peaks occurring at frequencies higher than 5 GHz, and termed "High Frequency Peakers" (HFPs, Dallacasa 2003) . The selection of a statistically complete sample made of genuine young radio sources only is essential to study in detail the physical nature of this class of objects. Table 1 . VLA observations and configurations. The total observing time (Column 3) is inclusive of the scans on the HFPs from the "faint" sample.
A sample of candidate HFPs (the "bright" sample; Dallacasa et al. 2000) was constructed on the basis of both the shape of the simultaneous radio spectrum and the turnover frequency. However, such selection tools can introduce a contamination by beamed radio sources. For example, blazar objects, although usually characterized by a flat spectrum, can occasionally show a convex spectrum when their radio emission is dominated by a flaring, self-absorbed component (e.g. Torniainen et al. 2005) . During the majority of their lifetime blazars and young radio sources display very different characteristics: the former posses significant flux-density and spectral variability, and the emission, often polarized, has a Core-Jet morphology on various scales (from tens of kpc down to pc-scale). The latter have no variability and the radio emission, almost completely unpolarized at least at low frequencies, has a "Double/Triple" structure (Orienti et al. 2006) . In this paper we present the results of simultaneous multifrequency VLA observations, made at several epochs, in addition to those already published by Dallacasa et al. (2000) and Tinti et al. (2005) . These new observations were carried out to further identify blazars with variability on time-scales longer than the time elapsed between the previous two epochs (Tinti et al. 2005) , and to study the evolution of the radio spectrum of those HFPs already confirmed as genuine young radio sources (Orienti et al. 2006) . In general, they better characterize the properties of the sources of the "bright" HFP sample. (Patnaik et al. 1992; Browne et al. 1998; Wilkinson et al. 1998) . Information on the date and duration of the observing runs is summarized in Table 1 . The total observing time also takes into account scans on candidate HFPs from the "faint" HFP sample (Stanghellini et al., in preparation) , in order to optimize the observing schedule. The data reduction was carried out following the standard procedures for the VLA, implemented in the NRAO AIPS package. Images for each frequency were produced. In order to obtain accurate flux density measurements in the L band, it was necessary to image several confusing sources falling within the primary beam, and often accounting for most of the flux density within the field of view. During some observing runs, strong RFI affected the 1.665 GHz data, precluding the flux density measurements for a few sources at such frequency. The final images were produced after a few phase-only self-calibration iterations, and source parameters were measured by means of the task JMFIT, which performs a Gaussian fit. The integrated flux density was checked with TVSTAT. The flux density measurements at each frequency and epoch are reported in Table 2 .
Multi-frequency VLA observations and data reduction
Apart from a few sources that were already known to possess an extended emission (Tinti et al. 2005) , the majority of HFPs are unresolved with the VLA, even in the Q band. The r.m.s. noise level on the image plane is not relevant for bright radio sources as our targets. In this case, the main uncertainty comes from the amplitude calibration errors, which is within (1σ) 3% in L, C and X band, 5% in U band, and 10% in K and Q band.
With these new-multi-frequency observing runs, 48 out of the 55 sources from the bright HFP sample have at least three epochs of VLA data. The comparison between each 
Results
The lack of any spectral variability is a key element for the selection of genuine young radio sources. The new epochs of simultaneous multi-frequency VLA observations, carried out 5-6 years after the first observing run (Dallacasa et al. 2000) , provide further information on the spectral shape and variability of the candidate HFPs, allowing us to better discriminate between genuine young radio sources and contaminant objects.
Spectral shape
The shape of the radio spectrum is one of the key identifying characteristics of young radio sources. The overall shape of their radio spectra is convex with a peak at high frequencies that is likely due to synchrotron selfabsorption within the small radio emitting region (Snellen et al. 2000) , although free-free absorption (Bicknell et al. 1997; Kameno et al. 2000) may play a role. On the other hand, blazar objects, which usually show flat spectra, sometimes can display a convex spectrum as a consequence of an increment of the flux density, when a single, homogeneous and boosted component at the jet base temporarily dominates the radio emission. As the component adiabatically expands, the flux density decreases, leading the spectrum back to a flat shape. Following the approach from Dallacasa et al. (2000) and Tinti et al. (2005) , we fit the simultaneous radio spectra with a function that provides the flux density and the frequency of the spectral peak, but without any physical content. Since most of the sources are optically thin at 43 GHz, the new flux density measurements at such frequency, which was not available in the previous epochs, provide very tight constraints on the fits and a better determination of the peak.
In Fig. 1 , we show the radio spectra of all the sources observed at the various epochs. Following the approach by Torniainen et al. (2005) we compute the spectral indices α below and α above of the overall spectrum (Col. 14 and 15 of Table 2 ) fitting a straight line to the parts below and above the spectral peak respectively. We consider "flat" those sources with both α below > −0.5 and α < 0.5 (where S ∝ ν −α ). In a few sources, depending on the peak frequency, we could fit either α below or α above , in order to avoid the flattening near the spectral peak. In this case, sources with the spectral index in the range of -0.5 and 0.5 are considered flat-spectrum objects. We find that 18 objects, labeled with an "F" in Column 9 of Table 3 , no longer show the convex spectrum. Such sources are labelled "flat" in Column 5 and 6 of Table 3 , and are definitely classified as "blazar", and removed from the sample of genuine young radio sources. Six of these sources (J0217+0144, J0329+3510, J0357+2319, J2123+0535, J2320+0513 and J2330+3348) were already found with a flat spectrum in the second epoch observations, and already rejected from the sample of candidate HFPs (Tinti et al. 2005 ).
Variability index
As already mentioned in Section 3.1, given the large Doppler factors characterizing the blazar jets, the flux density variability can substantially modify the observed spectrum of blazars on short timescales. On the contrary, young radio sources should not display any significant flux density variability and they can be considered as the least variable class of extragalactic radio sources (O'Dea 1998), with a mean variation of ∼ 5% . Therefore, genuine young HFP objects, considered to be newly born radio sources, should not display significant variability. We analyze the variability of the sources in terms of the quantity:
which is a multi-epoch generalization of the variability index defined by Tinti et al. (2005) . S i is the flux density at the i-th frequency measured at one epoch, while S i is the mean value computed averaging the flux density at the i-th frequency measured at all the available epochs; σ i is the error on S i − S i , and m is the number of sampled frequencies. Columns 7 and 8 of Table 3 report the variability between each new epoch and the mean value obtained by averaging all the available epochs. The variability index V has been computed for each single new epoch, rather than considering all the epochs together. In this case the availability of two distinct values better indicates the presence of fluxdensity bursts.
Comparing the variability distributions computed from Eq. 1 for all the sources of each epoch, the KS test does not detect any significant difference (>99%). This means that the flux density of the majority of the observed sources has not changed its behaviour with time.
From the comparison of the multi-epoch radio spectra we find:
-18 sources with a convex spectrum at the first epoch (Dallacasa et al. 2000) show a flat spectrum in at least one of the subsequent epochs. They have an "F" in Column 9 of Table 3 and they are rejected from the sample; -Of the aforementioned sources the quasar J2320+0513
shows a continuous alternation between a flaring-phase with a convex-shape spectrum, and a quiescent-phase where the spectrum is flat. In particular, during the Table 2 . Continued second-epoch observations, the source was characterized by a flat spectrum, while during our last observing run its spectrum becomes convex again and with almost the same flux density as the first epoch. This example points out how important a multi-epoch, multifrequency flux density monitoring is in order to reveal blazar objects. -14 sources maintain a convex spectrum at the various observing epochs, although with significant flux density variability (V >3), and they have a "V" in Column 9 of Table 3 . -20 sources preserve the convex spectrum and do not show significant flux density variability (V <3), and they have an "H" in Column 9 of Table 3 .
When we compare the variability properties between sources with different optical identification by means of a KS test, we find that there is a difference (>90%) between the variability of galaxies and quasars, as also found by Torniainen et al. (2007) , supporting the idea that radio sources with different optical identification represent different radio source populations Orienti et al. 2006 ). This difference becomes stronger (>99%) if in the KS test we consider sources with or without a CSO-like pc-scale morphology (Orienti et al. 2006 ).
Peak frequency
So far the anti-correlation (O'Dea & Baum 1997) between the peak frequency and the projected linear size has been explained mainly in terms of Synchrotron Self-Absorption (SSA): as the radio source expands the turnover moves progressively to lower frequencies as the result of a decreased energy density within the emitting region. In Table 3 we report the peak frequency measured at the various epochs. A KS test considering all the observed sources does not detect any significant (>99%) difference among the distributions of the peak frequency at the various epochs. This result is expected since the time elapsed between the observing runs is too short to detect any modification in the spectra of the growing sources. However, if we consider individual objects we find that most of them have a smaller ν p at the subsequent epochs, consistent with the evolution models. The median value of the peak frequency of the whole sample has continuously decreased: ν p = 6.7 GHz at the first epoch (Dallacasa et al. 2000) , ν p = 6.3 GHz at the second epoch (Tinti et al. 2005) , and ν p = 6.0 GHz at the epochs presented here. If we consider young HFP candidates and blazar objects separately, we find that the former show a decreasing peak frequency, from a median value of 6.0 GHz during the first epoch (Dallacasa et al. 2000) to 5.5 GHz at the subsequent epochs. The latter have a median peak frequency which does not follow a monotonic trend: ν p = 7.4 GHz at the first epoch, ν p = 8.6 GHz at the second epoch, ν p = 6.2 at the third epoch and ν p = 6.8 GHz at On the other hand, among the 14 sources with V >3 (Section 3.2) we find 3 objects in which the turnover frequency shows a remarkable change, although the overall radio spectrum maintains a convex shape. Two of these sources (the quasars J1645+6330 and J2024+1718) show a large drop in the peak frequency. We estimate the size of the emitting region by two independent methods. In one case, we use the relationship from O'Dea (1998):
which relates the intrinsic spectral peak and the linear size. In the other one, we assume synchrotron selfabsorption theory (Kellerman & Pauliny-Toth 1981) , in which:
where B is the magnetic field, S p the peak flux density, ν p the turnover frequency and z the redshift. For the magnetic field we consider the values reported by Orienti et al. (2006) , obtained assuming equipartition conditions. As will be discussed in more detail in the following section, if we assume that the magnetic field is frozen within an adiabatically-expanding homogeneous region, its value can be considered constant during the 5 years that elapsed between the most distantly separate observing runs. The increment in size obtained in both ways are in good agreement, and corresponds to an expansion velocity ≥ c, which is clearly unrealistic for unboosted young objects. We conclude that such sources are beamed objects and we reject them as genuine candidate HFPs. The other object, the BL Lac J1751+0939, shows an increment of the peak frequency (from 8.5 to 29 GHz), which can be interpreted in terms of different knots in the jet base dominating the radio emission at the two epochs. This source has a well known history of flux density and spectral variability, and therefore there is no doubt about its blazar nature. In general, the observed peak frequency of galaxies and quasars are similar as a consequence of the selection criteria. However, if we consider the intrinsic turnover frequency, the KS test finds a clear difference (>99%) concerning: a) galaxies and quasars; b) the parsec-scale structure depending on its having the CSO-like morphology typical of young radio sources (Orienti et al. 2006) . While in the former case the different distribution is easily explained in terms of redshift (quasars are found at higher redshifts than galaxies), in the latter, such a segregation is likely to be indicating two different source populations. In order to analyze the spectral shape of our sample sources, we construct a canonical radio spectrum for sources with either V <3 (Fig. 2a) or V >3 (Fig. 2b) . Following the work of de Vries et al. (1997) , the canonical radio spectra have been obtained by normalizing the observed frequencies and fluxes by the source peak frequency and the peak flux density, computed averaging all the epochs:
where ν and S are the average normalized frequency and flux density respectively. ν i and ν p i are the observed frequency and the observed turnover frequency at the i-th epoch, while S i and S p i are the observed flux density and the observed peak flux density at the i-th epoch, and m the epochs available. Sources with V <3 or V >3 display different canonical spectral shape. The former have a quite convex spectrum, with a narrow width (FWHM ∼1.7). The spectral indices are: α thick ∼-0.9±0.1 and α thin ∼ 0.7±0.1. The latter have a flatter spectral shape, with a FWHM ∼3.6 and spectral indices: α thick ∼-0.4±0.1 and α thin ∼ 0.4±0.1.
Discussion
A multi-epoch monitoring of the spectral characteristics provides information on the evolution of the radio spectra. From the analysis of the spectral shape we find 12 sources (see Section 3.1) showing a flat spectrum during at least one of the observing epochs presented in this paper, in addition to the 7 flat-spectrum objects already rejected by Tinti et al. (2005) . By comparing the frequency break obtained at different epochs we also find that in 3 sources (see Section 3.3) the break has noticeably shifted. Such a change can be explained only assuming a beamed nature for these sources, and therefore we reject them from the sample of genuine young HFPs. If we also consider the 7 sources (5 of them even with a flat spectrum) found with a Core-Jet morphology by Orienti et al. (2006) and then rejected, we obtain that only 31 of the 55 sources of the sample can still be considered HFP candidates, and they are marked in boldface in Table 3 .
Although the identification of contaminant objects is the main goal, a multi-epoch monitoring program can provide important information on the spectral evolution in young radio sources. We assume that young radio sources are described by a continuous injection model, where the radio emission is continuously replenished by a constant flow of fresh relativistic particles with a power-law energy distribution. However, the overall spectra of such sources, characterized by a convex shape, show significant departure from the expected classical power-law (S ∝ ν −α ). The deviations are well explained by two different phenomena: synchrotron self-absorption causes the rising spectrum (S ∝ ν 5/2 ) at frequencies below the peak, while synchrotron losses steepen the spectrum (S ∝ ν −(α+0.5) ) at high frequencies (Pacholczyk 1970) . In very young radio sources such as the HFPs, such a steepening of the spectrum occurs at very high frequency implying that synchrotron losses cannot be investigated with our VLA observations. In the following discussion we investigate the nature of the radio spectrum and its evolution.
Adiabatic expansion
At frequencies below the turnover, the adiabatic expansion is the main mechanism that influences the spectral evolution. In this regime we have:
where B is the magnetic field, ν the frequency and θ the angular size of the emitting region. As the radio source adiabatically expands, the opacity decreases, the turnover moves to lower frequency and the flux density increases. Is it possible to detect such an increment in our multiepoch spectra? First, we assume that the radio emission is due to a homogeneous component that is adiabatically expanding at a constant rate:
where θ 0 is the angular size at the time t 0 , and θ at the time t 0 +∆t, and the magnetic field is frozen in the plasma:
where B 0 is the magnetic field at the epoch t 0 , while B is at the time t 0 + ∆t. From Equation 5, the flux density at the frequency ν at a given time t is:
The turnover frequency is:
where E 0 is the energy of the relativistic particles. During the expansion of the homogeneous synchrotron-emitting region E ∝ t −1 (Pacholczyk 1970) , which implies that
If t − t 0 =∆t ≪ t 0 , the flux density and the turnover frequency can be considered approximately constant. We consider ∆t ∼ 5 years (the time elapsed between the first and last observing run), and t 0 > 15 years, since all the sources are part of the 87GB sample. If t 0 = 20 years, we expect a flux density increment of a factor of ∼ 2 in the optically thick part of the spectra. Such an increment becomes undetectable for sources with ages of ∼ 100 Table 3 . Peak frequencies and flux density variability between the different epochs of the 51 sources observed with the VLA during the observing runs presented in this paper. The variability indices have been computed by comparing the flux densities measured at each epoch with the mean value obtained by averaging all the available observing epochs, as described in Section 3.2 (see Col. 7 and 8). Col. 1: source name (J2000); Col. 2: Morphological classification from pc-scale information (Orienti et al. 2006) Col. 3 and 4: peak frequency of the first two epochs (Dallacasa et al. 2000; Tinti et al. 2005) ; Col. 5 and 6: peak frequency from these new VLA data. Col. 7 and 8: the variability index computed by comparing the flux densities measured in 2003/2004 and presented in this paper with those averaged on all the available epochs, as described in Section 3.2. Since the data flux densities used in Column 7 and 8 were collected during different observing runs, near the value of the variability we report also the observation code from years. On the other hand, the ν t should have decreased by about 70% of its previous value. If t 0 ∼ 100 years, the decrement should be less than 20% of its previous value, i.e. a turnover frequency of 22 GHz moves to 18 GHz, making the detection rather difficult due to the poor frequency coverage available. This result is based on the strong assumptions that the magnetic field is frozen in a homogeneous component which is adiabatically expanding. However, it is possible that either the time-variable magnetic field is not frozen in the plasma, or the radio emitting region is not homogeneous. In both cases the flux density increment and the frequency decrement are expected to be even less significant. Therefore, we conclude that adiabatic expansion is not able to produce any significant changes in the optically thick part of the spectrum detectable in our multi-epoch observations, perhaps with the exception of a few sources, such as J0650+6001 (Section 4.3) where a tentative flux density increment at a frequency below the spectral peak has been found, or the "faint" HFP J1459+3337 (Orienti & Dallacasa, submitted) .
The nature of the overall spectra
In the previous Sections we have assumed that the radio emission is due to a partially opaque electron synchrotron radiation which originates within a homogeneous region. Variations in the opacity throughout the emitting region lead to an overall spectrum which is the superposition of the spectra of many single regions. Figure 3 shows the overall spectrum (diamonds) of J0650+6001 and J1511+0518, together with the spectra of each single component (squares and crosses), as revealed by VLBI observations (Orienti et al. 2006) . In both sources, pc-scale resolution images show that the radio emission originates within two main components, which can be interpreted as the lobes of a mini radio source.
The overall spectra are easily explained as the result of the superposition of the spectra of individual components. In both sources, the two radio emitting regions have different turnover frequencies, and, thus, different parts of the overall spectra are influenced more by one component, rather than the other, as is easily seen in the case of J1511+0518. As a consequence, changes in the total spectra may strongly depend on the evolution of the emission of each single component. The variation of the total spectrum that occurred over 5 years makes J0650+6001 an interesting case study. If we compare the overall spectra measured at different epochs, we find that at 1.4 GHz, well below the peak frequency, the flux density appears to be increasing, although within the errors, as expected by adiabatic expansion.
On the other hand, at frequencies higher than the peak the flux density decreases. During the first epoch of observation, the optically thin spectrum was described by a power-law with α ∼ 0.3, while during the subsequent observing runs it displayed α ∼ 0.7. Such a steepening cannot be directly related to a shift of the break frequency of the overall spectrum, but is rather due to the evolution of the spectra of the individual components.
Conclusions
We have presented the results of new epochs of highsensitivity simultaneous multi-frequency VLA observations of a sample of young HFP candidates. By considering the spectral shape and the change of the frequency break we find 15 sources which turned out to be blazar objects, in addition to the 7 already found with a flat spectrum by Tinti et al. (2005) . If we consider also the 7 sources rejected by Orienti et al. (2006) on the basis of their Core-Jet morphology, and 5 of them also with a flat spectrum, we find that 24 of the 55 sources from the HFP sample are contaminant blazar objects, and thus only 31 objects (∼56%) can still be considered HFP candidates. The comparison of the variability properties with the optical identification have shown that quasars and galaxies display different characteristics. If in the case of the turnover frequency distribution such a segregation is due S(Jy) (GHz) ν S(Jy) (GHz) ν Fig. 3 . The spectra of the sources J0650+6001 (top) and J1511+0518 (bottom): diamonds represent the overall spectrum obtained with these new VLA observations, while crosses and squares represent the spectra of the two source components (Xiang et al. 2002; Xu et al. 1995; Orienti et al. 2006 ). In the case of J0650+6001, triangles show the overall spectrum from Dallacasa et al. (2000) . The asterisks represent the sum of the spectra of the single components. In the case of J1511+0518 not all the flux density could be recovered by VLBI images (Orienti et al. 2006) . to redshift ranges (quasars are found at systematically higher redshifts than galaxies), the difference in the variability index likely reflects two kinds of radio source populations. An even stronger segregation in the fluxdensity and spectral-shape variability is found between objects with or without a CSO-like morphology. Since polarization properties are another effective tool to discriminate young radio sources from contaminant blazars, polarimetric data concerning the sources of the "bright" HFP sample have been studied, and they will be presented in a companion paper , Paper II).
Making use of the several epochs available, we have tried to investigate the spectral evolution of the radio emission of genuine young radio sources. At frequencies below the peak the spectral evolution is dominated by adiabatic expansion, and we would expect a flux density increment, while at frequencies above the spectral peak, in addition to the decrease of the flux density due to adiabatic expansion, synchrotron losses also may play a role. Considering the time elapsed between the two farthest spaced observing runs (5 years), we conclude that a variation in the optically-thick part of the overall spectrum would have been detected only if the radio emission would have started very recently, i.e. ∼ 20 years, which is statistically unlikely for the sources in the sample. On the other hand, as seen in the analysis of the spectra of individual objects, there are a few cases, such as the source J0650+6001, with spectral variations. However, if we consider that the radio emission comes from a single homogeneous region, we are not able to explain such changes. Combining the low-resolution, flux density information provided by VLA observations with the pc-scale resolution from VLBA data, we can describe the total radio spectrum as the result of the superposition of the spectra of different emitting regions. In general, to determine the evolution of the radio emission, we must resolve each single source component. For this, new simultaneous multi-frequency VLBA observations in both the optically thick and thin parts of the spectrum have been carried out for 5 genuine HFPs, with a CSO-like morphology. The analysis of the radio spectrum of each single component will enable us to set strong constraints on the fate of the radio emission.
